In the previous years, p-mode oscillations (pressure oscillations stochastically excited by convection) have been detected in several solar-like stars thanks to the groundbased spectroscopic and space spectroscopic and photometric observations. We study the importance of seismic constraints on stellar modeling and the impact of their accuracy on reducing the uncertainties of global stellar parameters (i.e. mass, age, etc.). We use the Singular Value Decomposition (SVD) method to analyze the sensitivity of stellar models to seismic constraints. In this context, we construct a grid of evolutionary sequences for solar-like stars with varying age and mass. Around each model of this grid, we evaluate the partial derivatives with respect to a large set of free parameters: mass M, age τ , mixing-length parameter α, initial helium abundance Y 0 , and initial metallicity Z/X 0 . Masses between 0.9 and 1.55 M and central hydrogen abundances from Xc = 0.7 to 0.05 have been considered in this study.
Introduction
Observations of solar p-mode oscillations have greatly improved solar modeling and resulted in great progress in understanding the internal structure of the Sun. Successes in the solar case (e.g., Christensen-Dalsgaard 2002) The precise measurement of individual oscillation frequencies allows us to obtain detailed information on the structure of stellar interior, and this thus provides the constraints on the basic physical processes (convection, rotation, mixing) to test the stellar structure theory and to analyze the inferred stellar parameters at a high level of precision.
Methodology
The general mathematical approach of this study employs a χ 2 minimization technique based on the Singular Value Decomposition (SVD) method. Here we provide a general description of the method to enable the reader to understand the work. A more detailed explanation of the technique can be found in Brown et al. (1994) , Creevey et al. (2007) and Ozel et al. (2010) .
Let y i , i = 1, . . . , n, be the model functions, and x j , j = 1, . . . , m, with n > m be the parameters that define the model function. The model functions which we call observables are the theoretical predictions for observed quantities y obs,i such as effective temperature T eff , luminosity L/L , etc. The model function must allow for computation of all the observables y i , given values for the parameters x j . Given a set of n measurements y obs,i with associated error (σ i ), we determine the reference model, depending non-linearly on a set of m parameters x j (e.g. mass, age, etc.) by minimizing the differences between observational constraints y obs,i and model predictions (or observables) y i in the least square sense:
Linearizing the model function around a reference set of parameters, x j 0 , we can write
where δx j = x j − x j 0 , y i0 is the set of observables resulting from the reference set of parameters x j 0 , and the derivatives ∂y i /∂x j are evaluated at x j = x j 0 . After substituting the expression (2) into (1), the χ 2 minimization problem consists of choosing δx so that 
This matrix relates small changes in the parameters to corresponding changes in the observables. There are several different local approach available for finding this minimum, such as the Levenberg-Marquardt algorithm or the Singular Value Decomposition Method (SVD).
Supposing that x 0 is the true set of parameters of model functions that minimize the χ 2 fitting function, the behavior of χ 2 around its minimum can be expressed thus:
where χ 2 min is a minimum at x 0 . Using the SVD method (D n×m = U n×m W m×m V T m×m ) and after some manipulation, one finds an m dimensional ellipsoidal equation:
The linear combinations of each column of the V matrix are the principal axes of the error ellipsoid χ 2 = 1. The length of these axes is determined by corresponding singular values W −1 . The major advantage of the method adopted here is that it is more convenient to analyze the error ellipsoid in the parameter space and gives us the information concerning the origin of uncertainties on the obtained parameters.
The estimation of the covariances matrix of the free parameters due to the measurement errors on the n observational constraints is expressed by
The diagonal elements of Cov give the expected uncertainty in each of the parameters:
Grid of models
We describe a solar-like star with five adjustable parameters: mass M, initial chemical composition reduced to two parameters (initial helium Y 0 , and metallicity Z/X 0 ), stage of evolution or age τ , and mixing-length parameter α which describes stellar convection in the mixing-length formulation. We use the CESAM2k stellar evolution code (Morel and Lebreton 2008) for stellar structure and evolution and adiabatic pulsation code LOSC (Scuflaire et al. 2008 ) to calculate nonradial oscillation frequencies. For each model evolved with the parameters τ, M, α, Y 0 , and Z/X 0 , the CESAM2k code produces physical parameters, which are then used to calculate the oscillation frequencies with LOSC. The outputs from the models computed in this work are the classical observables like effective temperature T eff , luminosity L/L , and seismic quantities such as the mean and individual large and small frequency separations¯ ν 0 , δν 02 , ν 0,i , and δν 02,i , respectively, for n = 15-25 and l = 0-3, which correspond to detectable modes.
The computation of stellar models was preformed assuming OPAL equation of state and OPAL96 opacities (Iglesias and Rogers 1996) , completed at low temperatures with the opacities of Alexander and Ferguson (1994) . The adopted physical description for the convective zone is the standard Mixing-Length Theory (MLT, Böhm-Vitense 1958) . Diffusion is not included in the computation of our models. This study concentrates on stellar models of solar-like stars. The reference models are computed with the parameters listed in Table 1 . The observables and their expected standard errors are given in Table 2 .
To construct the derivative matrix D of the model, we vary each of the parameters (x j = τ , α, M, Y 0 , Z/X 0 ). Each derivative has been computed from differences of δx centered on the reference parameter values x j 0 given in Table 1 , i.e. x j 0 ± δx. The interval δx has to be sufficiently small such that the linear approximation is still valid, but also large
